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Electrical Power Supply System for a Vehicle 
Background of the Invention 

1. Technical field 

The present invention relates to an electrical power 
supply system and more particularly to an electrical power 
supply system for an automotive vehicle for supplying power 
to a high power load for a short time period by increasing an 
alternator output. 

2. Background art 

Recently the number of a high power load of an 
automotive vehicle such as a blower motor or an ice — 
removing heater on a windshield is increasing. For the high 
power load a system is proposed, wherein a high power is 
extracted by using a high voltage charging alternator on the 
automotive vehicle. 

For example, according to a Japanese Patent 
No. 2864887, a 3 - phase alternator is driven by an oil 
pressure pump and an oil pressure motor laden in a vehicle, 
and an output frequency as well as a voltage of the alternator 
is kept constant by keeping a constant engine rotation after 
the engine is started. Thereby, a high voltage of the 
alternator with a high generating efficiency could be applied 
to the high power load and a battery through a stepping- 
down voltage converter. In this configuration a rated output 
of the alternator regardless of an engine rotating speed is 
obtained from an idling zone, and the alternator with a small 



size and a light weight is capable of supplying power to a high 
power with high voltage load. The alternator is also able to 
supply the required power to a low voltage load through an 
AC/DC voltage converter. Furthermore, a layout freedom of 
the alternator driven by an oil pressure is not limited but 
even enlarged, as the AC/DC voltage converter operating with 
a constant output frequency of the alternator can be small in 
size and light in weight. 

According to a Japanese laid open Patent No. 6- 12934, 
other effective method for supplying a power to the high 
power with high voltage load is disclosed. In the art a vehicle 
— laden alternator output voltage with the maximum output 
power changes in response to a rotating speed of the 
alternator. To drive the high power with high voltage load 
which is usually existing in the idling zone, the engine 
rotation is being increased from an idling speed for the 
alternator to reach the maximum power at a second voltage 
set value for supplying the power, and simultaneously an 
attained high voltage is reduced to a voltage equal to a first 
voltage set value by a voltage reducing means for charging the 
secondary battery. 

In the former prior art although the stable alternator 
output is obtainable due to a constant speed driving, a 
rotating speed with the maximum output varies according to a 
load condition of the alternator. Moreover, obtaining a high 
voltage and a voltage for charging the secondary battery is 
incompatible, and an additional driving device like an oil 
pressure motor becomes required. 

In the latter prior art simultaneous realization of the 



voltages corresponding respectively to the first and the 
second voltage set values is intended, but due to a limitation 
of the alternator size sufficient power is not always supplied 
to the high power with high voltage load during the operation 
at the maximum output voltage point, and a control system 
becomes complicated for controlling a load distribution. 

Summary of the Invention 

In view of the above, it is the object of the present 
invention to provide an electrical power supply system for an 
automotive vehicle capable of supplying a required power to 
both a high power load and a battery. 

According to this invention, an electrical power supply system 
for the automotive vehicle comprises- 

an alternator having an armature winding and a field coil for 
supplying a power to both a high power load and a battery, 

a stepping — up DC/DC converter to step up a voltage 
of the battery for applying to the field coil, 

a voltage control means for controlling an output 
voltage of the alternator by controlling the current of the field 
coil, and 

a control means for increasing power of the alternator 
by changing the output voltage of the alternator in response 
to a rotating speed of the alternator when the alternator 
supplies power to the high power load, and for controlling the 
output voltage of the alternator to a battery charging voltage 
by regulating the voltage control means when the alternator 
supplies power to the battery. 
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The electrical power supply system for the automotive 
vehicle, wherein a voltage applied to the field coil is stepped 
up to a voltage of the battery multiplied by a factor of 1,2 to 
2.0. 

5 The electrical power supply system for the automotive 

vehicle, wherein the output voltage of the alternator changing 
in response to the rotating speed is set to be higher than the 
voltage of the battery. 

The electrical power supply system for the automotive 
10 vehicle, wherein the output voltage of the alternator changes 

in response to the rotating speed detected by a rotating speed 
detector. 

The electrical power supply system for the automotive 
vehicle, wherein the field current of the alternator is 
15 controlled by a detected temperature of the field coil by a 

temperature sensing device in the voltage control means. 

The electrical power supply system for the automotive 
vehicle, wherein the field current of the alternator is 
controlled by an inferred temperature from the field current 
20 of the alternator detected by a current detecting device in the 

voltage control means. 

The electrical power supply system for the automotive 
vehicle, wherein the stepping — up DC/DC converter for 
applying the stepped up voltage of the battery to the field coil 
25 is integrated the voltage control means. 

Furthermore, according to this invention, an electrical 
power supply system for an automotive vehicle comprising^ 

an alternator having an armature winding and a field 
coil for supplying a power to both a high power load and a 
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battery, 

a stepping— up DC/DC converter to step up a voltage 
of the battery for applying to the field coil, 

a voltage control means for controlling an output 
5 voltage of the alternator by controlling a current of the field 

coil, and for increasing an output of the alternator by 
changing the output voltage in response to a rotating speed of 
the alternator in a predetermined rotating speed zone, and 

a stepping— down DC/DC converter to step down the 
10 output voltage of the alternator to a charging voltage for the 

battery, and to supply power with a regulated voltage to both 
the battery and the high power load. 

The electrical power supply system for the automotive 
vehicle, wherein the stepping— down DC/DC converter for 
15 supplying the power to both the high power load and the 

battery is integrated with the voltage control means. 

The electrical power supply system for the automotive 
vehicle, wherein an output voltage of the stepping — down 
DC/DC converter has a negative gradient temperature 
20 characteristics. 

As described above in the present invention, the 
alternator output is increased by stepping up the field voltage. 
And also the maximum alternator output is obtained by 
25 controlling the output voltage to change responding to the 

rotating speed of the alternator. Moreover, the alternator 
output is controlled by detecting the temperature. Therefore, 
the conventional type alternator is applicable for supplying 
adequate power to both the high power load and the battery. 
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In addition, the stable maximum output power of the 
alternator during idling up operation of the internal 
combustion engine is obtainable as the output voltage is 
subjected to the rotating speed of the alternator. Furthermore, 
5 the reliable , inexpensive and small— sized power supply 

system is realized by avoiding sophistication of a control 
system, 

Brief description of the Drawings 

10 

Fig. 1 is a schematic diagram of a power supply system 
for an automotive vehicle according to an embodiment 1 of the 
present invention. 

Fig. 2 is a graph representing characteristics of the 
15 power supply system for the automotive vehicle for explaining 

operation in the embodiment 1 of the present invention. 

Fig. 3 is a graph representing characteristics of the 
power supply system for the automotive vehicle for explaining 
operation in the embodiment 1 of the present invention. 
20 Fig, 4 is a schematic diagram of the power supply 

system for the automotive vehicle according to an embodiment 
2 of the present invention. 

Detailed Description of the Preferred Embodiments 

25 

Fig. 1 is a circuit diagram of an electrical power 
supply system according to an embodiment 1 of the present 
invention. Fig. 2 is a graph representing output 
characteristics of an alternator for a field voltage of a 3 — 
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phase alternator on a vehicle according to the present 
invention. Fig .3 is a graph representing output 
characteristics of the alternator for a rotating speed 
according to the present invention in case a field current is 
5 set to a predetermined value. 

In fig.l the alternator is, for example, a 3 — phase 
alternator 1 on a vehicle comprising an armature constructive 
assembly 2 including an armature winding for generating a 
3 -phase AC power and a 3 -phase full wave rectifier for 
10 rectifying the 3 - phase AC power, a field coil 3 for providing a 

magnetic flux to the armature winding, and a regulator 4 as 
a voltage control means for controlling a field current of the 
field coil 3. A battery 5 is a vehicle — laden secondary 
battery. A stepping- up DC/DC converter 6 is for stepping up 
15 a voltage of a battery 5 to apply to the field coil 3, and the 

battery 5 is charged by the 3 - phase alternator 1 for 
supplying a power to a load except for a high power load 7 for 
a short time period. 

The high power load 7 is a load such as a blower motor 
20 or a windshield heater driven directly by a high voltage of the 

3 -phase alternator 1. A power relay 8 switches a power 
supplied from the 3 -phase alternator 1 to the battery 5 for 
charging or to the high power load 7. A control unit 9 detects a 
on/off state of a switch 10 for supplying power to the high 
25 power load 7, and switches the power relay 8 to the battery 5 

for charging or to the high power load 7. Moreover, the control 
unit 9 is configured to command the regulator 4, whereby an 
output voltage of the 3 -phase alternator 1 is switched to a 
low charging voltage for the battery 5 or a high voltage for the 
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high power load 7. In addition, although not shown in fig.l, 
the control unit 9 is configured such that a voltage applied to 
the high power load 7 is made to correspond to a detected 
rotating speed of the 3 — phase alternator 1, and that an 
output of the 3 " phase alternator 1 is suppressed by detecting 
a temperature of the field coil 3. 

Fig. 2 is a graph representing characteristics of an 
output power P for a field voltage Vf applied to the field coil 3 
of the 3 -phase alternator 1 used in general, and is more 
particularly the maximum output characteristics, wherein 
the output voltage is set so that a maximum output voltage is 
obtained for each rotating speed. In fig. 2, a curve ® shows 
characteristics at the condition where the rotating speed is 
4,000 rpm and the output voltage is 40V, a curve (Dshows 
characteristics at a condition where the rotating speed is 
3,000 rpm and the output voltage is 30V. Similarly, a curve 
®and a curve @ respectively show characteristics at the 
condition of 2,500 rpm with 25V and 2,000 rpm with 20V. In 
this fig. 2, the maximum output power P of the 3 — phase 
alternator 1 increases as the field voltage Vf is increased if 
the rotating speed is assumed to be constant, and the output 
power is saturated when the field voltage Vf is increased to a 
certain value. In case of the 3 — phase alternator 1 which is 
usually vehicle -laden , the field voltage is approximately 
12V of the voltage of the battery 5. But as shown in fig. 2, it is 
more effective for the field voltage to be set higher than the 
voltage of the battery 5 for increasing the maximum output. 

On the other hand, there is a limitation in an increase 
of the field voltage Vf due to saturation characteristics of the 



output power and a temperature rise. Therefore, the field 
voltage is effectively obtained by stepping up the battery 
voltage by a factor of 1.2 to 2.0. Thus, the adequate output for 
driving the high power load 7 for a short time period is 
obtainable, and the 3 — phase alternator 1 can resist a short 
time temperature rise of the field coil 3. Therefore, the 
stepping™ up DC/DC converter 6 in fig.l is configured to step 
up the voltage of the battery 5 to a voltage of the battery 5 
multiplied by a factor of 1.2 to 2.0 for applying to the field coil 
3, but in an example hereafter explained 18V of the field 
voltage Vf in case the factor 1.5 is used. 

Fig. 3 is a graph representing characteristics of an 
averaged output for the rotating speed in case the field 
voltage Vf of the 3 — phase alternator 1 being kept to a fixed 
value of 18V. In fig. 3, a curve A shows characteristics of the 
alternator output power in KW, and a curve B shows a 
characteristics of the effective output power in KW in case the 
conversion efficiency of the DC/DC converter is 85%. As 
shown in this fig. 3, although the averaged output of the 3 — 
phase alternator 1 increases responding to an increase of the 
rotating speed, the maximum output of the 3 — phase 
alternator 1 at each rotating speed is determined by the 
output voltage and the output voltage for obtaining the 
maximum output increases according to a rise of the rotating 
speed as is easily understood from the prior art of the 
Japanese laid open Patent No. 6- 12934 and fig.2. Therefore, 
the maximum output of the 3 -phase alternator 1 is always 
obtainable by changing the output voltage in response to the 
changing rotating speed. The output voltage differs according 
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to a specification of the alternator, wherein the output 
voltage usually is higher than the voltage of the battery 5 
above an idling zone of an internal combustion engine. 

In the embodiment 1 according to the present 
5 invention of the power supply system for the automotive 

vehicle as described above, the stepping- up DC/DC converter 
6 applies 18 V of the stepped up voltage of the battery 5 to the 
field coil 3. The control unit 9 detects the switch 10 to became 
on for switching a load from the battery 5 to the high power 
10 load 7 by activating the power relay 8, and also controls the 

output voltage of the 3 -phase alternator 1 responding to the 
rotating speed, for example, from 16V to 40V for obtaining the 
maximum output from the 3 -phase alternator 1. The high 
power load is, for example, the load with a short time rating 
15 like the ice removing heater of the windshield, and the 

temperature of the field coil 3 rarely rises above a 
predetermined value under the maximum power operation. In 
this case if the temperature of the field coil 3 rises above the 
value due to an excessive field current, the temperature rise 
20 is suppressed by limiting the field current based on a detected 

temperature using the control unit 9. 

When an off state of the switch 10 is detected by the 
control unit 9, the load is switched from the high power load 7 
to the battery 5 and simultaneously a set voltage value of the 
25 regulator 4 is switched to 12V for charging the battery 5 for 

returning to a normal operation. Moreover, the temperature 
of the field coil 3 is detected indirectly by the control unit 9 as 
the field coil 3 is a rotor of the 3 -phase alternator 1. For 
example a temperature sensing element built in the regulator 
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4 and having a predetermined heat capacity or a heat 
dispersing circuit equivalent to the heat capacity is used for 
judging the temperature which varies subject to the field 
current by taking a temperature correlation. Furthermore, a 
reason why an output voltage range is limited to be controlled 
from 16V to 40V in response to the rotating speed of the 3- 
phase alternator 1 is that an increase of the output is 
required only in a low rotating zone of the internal 
combustion engine. 

As heretofore explained, in the embodiment 1 of the 
power supply system for the automotive vehicle according to 
the present invention, the output of the 3 -phase alternator 1 
is increased by increasing a magnetic force of the field coil 3 
by stepping up the field current. In this way the maximum 
output power of the 3 - phase alternator 1 is obtained by 
controlling the output voltage subject to the rotating speed. 
Therefore, the high power load 7 is capable of being operated 
only for the short time period, and no problem arises even 
when a power supply to the battery 5 is interrupted while the 
power is being supplied to the high power load 7. Thus, the 
adequate power can be supplied to each load by using a 
conventional alternator as the 3 -phase alternator 1 without 
complicating the control system. 

Fig .4 is a circuit diagram of the embodiment 2 of the 
power supply system for the automotive vehicle according to 
the present invention. The system in the embodiment 2 is 
configured, wherein the adequate power with a same voltage 
is supplied to both a high power load 11 and a battery 5 by 
increasing the output power of the 3 -phase alternator 1. As 
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shown in fig. 4, the 3 -phase alternator 1 which is vehicle- 
laden as in the embodiment 1 comprises the armature 
constructive assembly 2 including the armature winding for 
generating the 3 -phase AC power and the 3 — phase full wave 
5 rectifier, the field coil 3 for providing the magnetic flux to the 

armature winding, and the regulator 4 as the voltage control 
unit for controlling the field current of the field coil 3. 

The battery 5 is the vehicle- laden secondary battery. 
The stepping- up DC/DC converter 6 is for converting the 
10 voltage of the battery 5 to apply to the field coil 3, the high 

power load 11 is a load such as the blower motor or the 
windshield heater, the switch 10 is for supplying the power to 
the high power load 11, a stepping- down DC/DC converter 12 
is for stepping down the output voltage of the 3 — phase 
15 alternator 1 to apply to both the battery 5 and the high power 

load 11. In the embodiment 2 the power for the high power 
load 11 is supplied from both the 3 -phase alternator 1 and 
the battery 5. 

In the power supply system for the automotive vehicle 
20 as explained in the embodiment 2, the field voltage, for 

example, of 18V which is stepped up by the stepping- up 
DC/DC converter 6 as in the embodiment 1 is applied to the 
field coil 3 of the 3 -phase alternator 1, whereby the output is 
increased and the voltage with the maximum output of the 3 
25 -phase alternator 1 responding to the rotating speed in a 

predetermined rotating speed zone is obtained. For example 
the output voltage from 16V to 40V is obtained in response to 
the rotating speed. 

The stepping- down DC/DC converter 12 steps down 
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the above voltage with the maximum output to a charging 
voltage of 12V for supplying the power to the high power load 
11 as well as the battery 5 to be charged. The stepping— up 
DC/DC converter 6 and the stepping— down DC/DC converter 
5 12 can be small— sized by integrating with the regulator 4. 

Furthermore, a temperature rise of the 3 — phase alternator 1 
is suppressed by the stepping — down DC/DC converter 12 
having negative gradient temperature characteristics. 

In fig. 2 representing a case of the embodiment 1, both 

10 the averaged output of the 3 — phase alternator 1 and the 

output are shown in case a conversion efficiency of the 
stepping— down DC/DC converter 12 is 85%. And even taking 
into consideration the above conversion efficiency of 85% of 
the stepping— down DC/DC converter 12, the high power of 

15 the 3 — phase alternator 1 is obtainable by stepping up the 

field voltage Vf and by setting the output voltage in response 
to the rotating speed. Therefore, the adequate power is 
capable of being supplied to both the high power load 11 
driven in the low rotating speed 

20 zone and the battery 5. In addition, a conventional operation 

is quite the same with an operation of the present invention 
in that when the idling up operation is initiated by energizing 
the switch 10 to on state, the rotating speed of the internal 
combustion engine and the 3 — phase alternator 1 is increased 

25 accordingly. 



